Gene products essential for growth are able to diffuse between attached cells, but not between isolated microspores. The gene products necessary for disintegration of protein granules are unable to diffuse freely through a cell wall in aberrant Tradescantia microspores. This variation in the diffusion of gene products is in accord with the results found in insects.
Introduction.-The electrical activity of li-ving systems has recently received a great deal of attention from a number of in-vestigators. It is recognized that bioelectrical potentials are not merely an accidental byproduct of the activity of the living organisms, but are probably conditioned by the organism and, according to some obser-vers, profoundly influence its living processes. The electrical potentials and the electrical fields are created by ions and their spacings which are "the irreducible relatedness of the components of living things," as Northrop and Burr' expressed it.
The vital activity of the blastoderm of the hen's egg has been investigated recently by Romanoff and Cottrell.2 The results have shown that the potential difference between the blastoderm and the albumen of fresh fertile eggs is much larger than the potential of infertile eggs. The electrical activity of the blastoderm is therefore an indication of the -vital activity of the organism. In view of the importance of this criterion of vital activity it seemed interesting to determine the physical factors that affect the potential, and the bearing these factors have on the later life of the embryo. This paper deals in particular with the effects of x-rays on the bioelectric potential. Experimental Methods.-About 1200 fresh White Leghorn eggs3 were ZOOLOG Y: ROMA NOFF AND BLESS subjected to x-ray doses ranging from 8 to 5000 r units. The radiation was supplied by a Coolidge, water-cooled, tungsten target tube with a 450 focus. The tube was operated at 55,000 volts and 10 milliamperes. The radiation was filtered with 1.2 mm. of aluminum. Under these conditions the band of radiation was fairly narrow, extending from 0.24 to 0.36 Angstr6m units. 4 Output of the tube was approximately 600 r units per minute at a distance of 14 cm. from the target.
The apparatus used for the measurements of the bioelectric potentials has been described elsewhere. microvolts per millimeter of scale deflection on a wall galvanometer. This sensitivity proved to be ample for the purpose.
The eggs were irradiated in vitro, with the yolks submerged in the albumen and held in small beakers by glass rings, and also in vivo. One half of the eggs irradiated in vivo were exposed to x-rays when cold, while the other half were preheated for three hours before exposure. The potential differences between the blastoderm and the albumen and also between the yolk and the albumen of the developing eggs were measured for 24 hours at 6hour intervals.
Results.- Figure 1 shows the variation of the potential of the 24-hour embryos as a function of the x-ray dosage. It is evident from this figure that x-rays influence profoundly the vital activity of the embryo. Small doses exert a stimulating effect with the maximum stimulation occurring at about 250 r units. Larger doses inhibit vital activity. This agrees with the experiments on the early growth of the blastoderm as a function of x-ray exposure.5 At very large doses the x-ray action becomes lethal with the' bioelectric potential reduced greatly, approaching the value of non-fertile eggs. The behavior of the bioelectric potential under the influence of xrays is thus similar to the behavior of plants which are stimulated by small doses and are inhibited by large exposures to x-rays.f ' 7' 8 It is also evident from figure 1 that the bioelectric potential of eggs irradiated to inhibitive doses of x-rays when preheated was lower than the potential of those irradiated when cold. This indicates that the biological effect of x-rays on an organism is greatest when the activity of the organism is high, which again is in agreement with similar experiments on plants.9' 10 There is, however, an important difference. The effect of x-rays on sprouting seeds is 15-20 times the effect of x-rays on the same seeds irradiated in the dormant state.1' On the other hand the effect of x-rays on the preheated eggs is only a few per cent greater than the effect of x-rays on cold eggs. The difference is doubtless due to the fact that the blastoderm of fresh eggs is probably not in a state of complete dormancy, as is the dry seed.
The range of doses exerting stimulating effects is greater for cold eggs, both in vitro and in vivo, than for preheated eggs. This is to be expected because the effects of x-rays on the inactive embryo are much smaller than the effect on the active embryo; naturally the range of doses exerting stimulating action on cold eggs is larger.
The effect of x-rays on bioelectric potentials of preheated fresh and incubated eggs is shown in figure 2. From this figure it is evident that the range of stimulating doses of x-rays is much wider in fresh eggs than in those incubated for 24 hours (Fig. 2 (A) ). The relative changes in potential ( Fig. 2 (B) ) were observed to be greatest in the fresh eggs and least in those incubated six hours. A noticeable increase in potential of eggs incubated 24 hours would indicate that the general detrimental effect of x-rays becomes apparent only after a certain time5' 1 and is followed by a period of physiological recovery. The lag of the effect may be explained in the following way.
The biological effects of x-rays are no doubt a result of the physical absorption of x-rays and the accompanying photoelectric and ionization action. The full effect of the photoelectric action with the consequent chemical changes and the biological effects become apparent only after a more or less extended period. On the other hand, while the biological effects occasioned by the x-rays are taking place, the inertial and defensive forces of the organism combat these effects of x-rays and help the organism to recuperate from these effects. It is evident, therefore, that at a certain time after exposure the effects will be a maximum, after which the defensive and the recuperative forces will diminish the effectiveness of the x-ray doses, unless the action is lethal.
The potential of the blastoderm seems to be greatest after about 18 hours of incubation. This, however, does not mean that the activity of. the The effect of exposure of preheated eggs to various doses of x-rays on the bioelectric potential of the chick blastoderm in its early stages. A, potential differences in millivolts of the blastoderm of fresh eggs, and incubated six and twenty-four hours. B, relative changes in potential differences (control considered 100 per cent). The eggs were preheated for 3 hours at incubating temperature. organism diminishes beyond this period. The growth of the blastoderm proceeds at a very rapid rate,5 but because of the physiological differentiation it is not possible to speak of the potential of the blastoderm as a whole. Each part of the blastoderm definitely gives a different electrical potential. This has been well demonstrated by Burr and Hovland"3 in the study of cephalo-caudal potential of the chick embryo.
The potential difference between the yolk and the albumen is usually very small. This, however, is not always the case. A small region, about one square centimeter, was found on a number of yolks, which was charac-ZO0LOG Y: ROMA NOFF AND BLESS terized by an extraordinarily high potential, higher than that of the early blastoderm, as is shown in the While the frequency of such cases was not very great, the presence of such regions in the yolk makes it undesirable to measure the potential of the blastoderm in intact eggs between two points on the opposite poles of the equatorial plane as has been done by Vorontsov and Serguijevski."4 The potential attributed to the blastoderm may actually be due to the yolk. In most cases the high potential area was slightly darker than the rest of the yolk and the line of separation of the two regions served as a boundary of the high potential area. The potential changed abruptly when this boundary was crossed. In some cases the high potential region showed no visible differences in coloring.
Since in the vast majority of cases the potential difference of the yolk remains unchanged under various exposures to x-rays, it is safe to conclude that the electrical effects of x-rays are confined to the living portion of the egg-the blastoderm.
In some very few cases the potential between the blastoderm and the albumen or between the yolk and the albumen was reversed. The origin of this reversal is not at all clear.
Summary.
-These experiments indicate that: 1. X-ray doses of about 250 r units applied to fresh eggs stimulate vital activity of the developing embryo with the increase in the potential difference between the blastoderm and the albumen.
2. The range of stimulating doses is much greater for cold eggs, than for preheated eggs.
3. Large doses of x-rays inhibit embryonic development and diminish the potential difference. From chemical analyses it has been known for some time that the unsegmented eggs of a number of different animals carry a high proportion of the nucleic acid which is present at the time larvae hatch (e.g., frog 28%, sea urchin 100%).1 Brachet2 has shown, in the case of the sea urchin, that this nucleic acid is initially in the ribose form (ribonucleic acid) which is partially transformed into the desoxy ribose type (thymonucleic acid or chromatin) as development goes forward. The writers have been studying the cytological mechanisms by which this nucleic acid is laid down in the egg cytoplasm.3' 4 The present report deals with the oocytes of the toad (Bufo valliceps), a form of especial interest because of the enormous germinal vesicle and the presence of the so-called "lampbrush" chromosomes. In the past, both of these features have been interpretated in various ways as contributing to the nucleic acid reserve of the egg cytoplasm.
Methods.-Fresh ovaries were preserved either in Nawaschin's fluid and the sections stained by Feulgen's Nucleal method, or fixed in Helly's fluid and stained by Unna's methyl green-pyronin mixture, both before and after treatment with a ribonuclease enzyme.
Observations.- Figure 1 is a camera lucida drawing showing in the wall of the ovary an oogonial cell in prophase and two very young o6cytes in the bouquet stage (one nucleus drawn to show the chromosomes, the other the surface of the nuclear wall). In the oogonium all of the chromatin is confined to the prophase chromosomes. In the oocytes, on the other hand, the chromatin is found in two types of structures: (a) the chromosomes which have the loop form characteristic of the synizesis stage, and (b) free chromatin granules which lie against the inside of the nuclear wall and are most numerous on the side of the nucleus opposite that towards which the ends of the chromosome loops are oriented. This distribution of the nuclear contents makes it possible to observe that there is no connection at this VOL. 28, 1942 
